With changing conditions affecting receipt of postabortion care, an updated estimate of the incidence of treatment for complications from unsafe pregnancy termination is needed to inform policies and programmes. National estimates of facility-based treatment for complications in 26 countries form the basis for estimating treatment rates in the developing world. An estimated seven million women were treated in the developing world for complications from unsafe pregnancy termination in 2012, a rate of 6.9 per 1000 women aged 15-44 years. Regionally, rates ranged from 5.3 in Latin America and the Caribbean to 8.2 in Asia. Results inform policies to improve women's health.
Introduction
Unsafe terminations of pregnancy (TOP) continue to be an important cause of maternal mortality and morbidity. Recent estimates, using different methodologies, show that at a minimum, unsafe TOP accounts for 8% of maternal deaths 1 and possibly as much as 15% of these deaths. 2 At the same time, the number of maternal deaths has declined steadily worldwide, 3 and the number of deaths due to unsafe TOP has also dropped, along with the case-fatality rate from unsafe TOP. 4 In the case of morbidity due to unsafe TOP, the limited evidence shows that it remains prevalent. 5 (In this paper, a TOP is defined as a procedure for terminating an unwanted pregnancy before independent viability, typically defined as before 22 weeks; this procedure is referred to as unsafe if it is carried out 'by persons lacking the necessary skills or in an environment lacking minimal medical standards or both. 6 We use the term postabortion or abortion complications to refer to complications arising from either an unsafe TOP or miscarriage; postabortion care is the treatment of these complications at either a public or private health facility.)
A previous study estimated that in 2005, five million women were treated in facilities for complications of unsafe TOP in the developing world, based on country-specific studies. 7 With the changing conditions under which women have accessed pregnancy termination services over the past 10 years, a comparable, updated estimate of the magnitude of treatment of complications from unsafe TOP is needed to inform policies and programmes. Because treatment for complications from unsafe TOP is an important indicator of the health consequences of unsafe TOP, and because providing treatment for these complications has significant cost implications for health systems, it is relevant and useful to establish best estimates of the incidence of treatment for these complications.
Treatment for complications from unsafe TOP is not covered in surveys conducted by agencies such as the Demographic Health Surveys (DHS) Program, Centers for Disease Control or United Nations Children's Fund, largely because of the difficulty of obtaining accurate reporting on the sensitive and stigmatized topic of pregnancy termination in face-to-face interviews with women. As a result, available data on this issue come from two sources. The first is country-specific facility-based studies that measure the number of women provided with postabortion care (PAC) in health facilities. A second source is national health statistics in countries that have good-quality health systems data. Fortunately, the evidence base has expanded in the past decade, providing a substantial body of country-level data on PAC in health facilities. These data form the basis for calculating updated estimates of the annual number and rate of women treated for TOP-related complications in the developing world and for major regions.
Since 2005, the conditions under which women access pregnancy termination services in the developing world have changed considerably. The most important change has been in the increased availability of misoprostol, a drug that can be used to terminate a pregnancy with a clinical effectiveness rate of approximately 85%, when used correctly. 8 The current availability and use of misoprostol varies across countries, but overall, this trend is likely to have reduced the severity of complications as women switch from more damaging methods to using this medication. [9] [10] [11] On the other hand, based on some evidence showing no decline and some increases in the rate of women treated in facilities (number treated per 1000 women of reproductive age), 10, 12 it appears that at least in the short run, women often do not have the information they need to use the medication correctly and/or that the drug that they are obtaining is substandard. 13 Although some women may seek follow-up care as the medication takes effect (even in the absence of a complication) there is little evidence on this, while there is some evidence that knowledge of the correct protocol is extremely poor among pharmacists and women. 14, 15 Another trend that might have affected treatment rates is increased access to health facilities, due to improvements in the public sector's service capacity and expansion of the private sector in many countries. Hence, a larger proportion of women who need care for complications might obtain it now compared with a decade ago. These trends, and the fact that the the most recent estimates of treatment for complications from TOP in the developing world are for 2005, highlight the need for current estimates.
Data sources and methods

Country-specific data on post-abortion care
We group our sources into two categories: published studies and health systems data. This is partly because of differences in how the data are collected, but more importantly, because published studies have in general already made needed adjustments and applied indirect techniques to estimate cases due to complications of TOP. For health systems data, these adjustments were made using comparable methods, described below.
Published studies
The primary data source for this investigation is a series of published studies that provide national estimates of the number of women treated for complications of pregnancy termination in health facilities. 12, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] To be included in our calculations, estimates needed to be nationally representative and provide data for 2000 or later. In addition, although this was a nonsystematic review, we consulted with a range of experts in the field to ensure that we were not omitting any nationally representative estimates of facility-based care; as part of this process, we identified a small group of unpublished manuscripts that also fitted our selection criteria and included these as well (Fetters T and Prada E, Personal communications). Reference years for the selected studies range from 2000 to 2013, and all but two (Guatemala and the Philippines) fall within a more recent period (2008) (2009) (2010) (2011) (2012) (2013) . Two countries (Mexico and Cambodia) included only the public sector, and for these an adjustment was made (discussed later in this section).
Although these studies used slightly different data collection approaches, they all obtained comparable data on the number of women who received postabortion care. Ten of these studies relied on a nationally representative Health Facility Surveys (Bangladesh, Burkina Faso, Colombia, Guatemala, Nigeria, Pakistan, Rwanda, Senegal, Tanzania and Uganda). In these studies, a senior staff member at each sampled facility was asked to provide two estimates of the number of women treated for complications resulting from pregnancy termination-the number treated in the past month and the average month; these estimates were then averaged and multiplied by 12 to provide estimates of the annual caseload. The studies in an additional three countries (Ethiopia, Kenya and Malawi) have comparable data based on two sources: the standard Health Facility Survey and a prospective survey of PAC patients over a 1-month period. The study in Cambodia relied only on a prospective survey of patients from a nationally representative sample of health facilities. In Mexico and the Philippines, where official hospital statistics on the number of women treated for postabortion complications were available and of adequate quality, these statistics were used and adjusted as needed for shortfalls in geographic coverage or classification by diagnosis. Detailed descriptions of each studies' methodology are available elsewhere. 12, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] These studies obtained the total number of women treated for complications (from both pregnancy terminations and miscarriage), because it is difficult for providers to separately estimate for these two categories of complications given the similarity in symptoms between complications from less damaging pregnancy termination methods and miscarriage; also, respondents may be unwilling to provide estimates related to pregnancy terminations given the potential legal consequences. Health systems data on abortion complications (discussed below), which are often miscoded for similar reasons, have the same limitation. 31 In each study, study authors used a comparable indirect estimation method to separate these total numbers into miscarriage and pregnancy termination complications. The number of women treated in health facilities for complications from miscarriage was estimated on the basis that of all women having miscarriages, only those who do so at a later gestation (13-21 completed weeks) are expected to need medical care in a facility. In addition, only some of these women will actually obtain care in health facilities, given that access to health care is not universal. Clinical studies provide data on the distribution of spontaneous pregnancy loss by gestation, and allow estimation of the proportion of all pregnant women who would have late miscarriages. 30, 31 Of women who have a late miscarriage, the proportion who will obtain hospital care is estimated as equal to the proportion of women who deliver in a health facility (available from national surveys). In a few countries with very low proportions delivering in health facilities, this assumption was modified to take into account the likelihood that women are more likely to seek treatment for a miscarriage (an illness) than for delivery (a healthy process for most women). The countries in which this adjustment was made are: Ethiopia, Kenya, Nigeria, Tanzania and Uganda. In addition, in the case of one study (Cambodia), which did not separate the total caseload into cases due to pregnancy termination and cases due to miscarriage, we applied the standard approach used by the other studies to do so.
Health systems data
Official statistics are a second source of data on the number of women treated in health facilities for abortion complications. We obtained treatment data for ten countries spanning the years 2009-2013 (Table 1) , from published government reports or databases of health systems statistics. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] Health systems data were included if they were either publicly available or available upon request from government sources. In all cases, some adjustments were needed to account for gaps in coverage and other *The type of adjustments made are identified by the following symbols: b, when detailed data on type of pregnancy loss by diagnostic code were not available, the proportion due to biological factors such as ectopic pregnancy was estimated and subtracted from the total number of cases treated; p, when data were only available from the public sector, the proportion of cases treated in the private sector was estimated based on the proportion of births delivered in private facilities; and s, whereas data were available from both the public and private sectors in Brazil, no information on PAC cases paid for with supplemental insurance could be obtained; this proportion was estimated based on the per cent of live births paid for with supplemental insurance. issues of misclassification (see Table 1 and discussion below).
Removing complications due to biological factors
In the tenth revision of the International Classification of Diseases (ICD-10), the codes used to identify women treated for abortion complications are O00-O08. 42 Previous studies have typically excluded cases coded as O00 (ectopic pregnancy), O01 (hydatidiform mole) or O02 (other abnormal products of conception)-as they are unrelated to miscarriage or pregnancy termination. However, in recent years, specialists in obstetrics and gynaecology have observed that the incorrect use of misoprostol to induce pregnancy termination can result in cases that are diagnosed and classified as codes O02.0 (blighted ovum and nonhydatidiform mole) or O02.1 (retained products of conception). 19 Hence, some proportion of cases receiving these two subcodes should be classified as pregnancy termination cases. For Argentina and Costa Rica, countries in which we had hospitalization data by detailed ICD-10 codes, we followed the approach used in a recent study in Mexico 19 and categorized 35% of O02.0 cases and 55% of O02.1 cases as complications from unsafe TOP. Brazil also has data by detailed codes; however, a recent study found that the ratio of the number of women treated for these complications to the number of births declined from its peak level of 2.44 in 1992 to 1.34 in 2009, approximating biological levels; 43 therefore in the case of Brazil all patients with codes O00-O02 were excluded from the total of postabortion cases. For Chile, the Dominican Republic, Mauritius, Myanmar, Peru, Sri Lanka and Venezuela, data by detailed diagnostic code were not available. Instead, numbers of PAC cases treated were grouped together in a generic 'abortion' category (which typically refers to cases coded as ICD-10 codes O00-O08). We estimated the proportion of this generic category treated for codes O00-O02 based on data for one country with good quality data and applied this proportion to remove these cases from the total number reported for these countries. (We made this adjustment as follows: we estimated the ratio of ectopic pregnancies, hydatidiform mole or other abnormal products of conception to live births using data from Chile in 1982 [before misopostrol became widely used in Latin America and the Caribbean]. 44 This number is 1.7 cases per every 100 live births. For the purpose of this estimation, we assume that this ratio is constant or varies very little across populations or over time. We then applied this ratio to the number of births in each country, and took into account the fact that not all women who have these complications will receive care in a health facility [using the assumption that the proportion getting care for these complications is equivalent to the proportion of women who deliver in facilities], to arrive at the number of women treated in facilities for 'biological' pregnancy complications. We then subtracted this number from the total number treated to obtain the number treated for all postabortion complications [miscarriage and TOP].)
Removing miscarriages
We used the same indirect estimation methodology as was applied in the published studies described above to estimate the number of miscarriages treated in health facilities. In general, the number of births was obtained from the 2012 revision of World Population Prospects. 45 The proportion of women giving birth who deliver in a health facility was obtained from either country DHS reports (Dominican Republic, Peru and Sri Lanka), [46] [47] [48] government reports and surveys (Argentina and Myanmar) 49, 50 or WHO statistics (Brazil, Chile, Costa Rica and Mauritius). 51 Venezuela has no recent surveys estimating the proportion of women delivering at health facilities; in the absence of other information, we used the regional proportion for Latin America and the Caribbean. 52 Accounting for treatment in the private sector In the majority of countries for which we collected health systems statistics, data were only available for the public sector. This was the case in Costa Rica, the Dominican Republic, Myanmar, Peru, Sri Lanka and Venezuela. In the absence of other data, we estimated the number of cases in the private sector in these countries by assuming that the ratio between the proportion of women delivering in private facilities and the proportion of women delivering in public facilities (as measured in national surveys) was the same as the ratio between the proportion of women obtaining care for postabortion complications in these two settings. This approach was also used to adjust the estimates for Cambodia and Mexico. In Brazil, a similar adjustment was made to account for cases paid for with supplemental insurance coverage, using the ratio between births paid for with government insurance and supplemental insurance to estimate the number of postabortion cases paid for with the latter. In Argentina, although data were only available for the public sector, a recent study suggested that treatment of postabortion cases in the private sector is rare. Based on this information, no adjustment was made. 53 
Regional estimates
Regional rates are estimated as the weighted average of treatment rates for countries with data in that region: weights are the number of women aged 15-44 years in 2012, the selected reference year, as this is the most recent year of data for a number of countries. The annual PAC caseload due to TOP in 2012 in each region is estimated as the product of the regional treatment rate and the number of women aged 15-44 years in 2012, divided by 1000. Although we do not present estimates for Northern Africa, Southern Africa and Western Asia because of a lack of data for these subregions, they are included in population totals for their respective regions. Southern Africa and Northern Africa are assigned the average treatment rate for Africa; Western Asia is assigned the average treatment rate for Asia. In addition, Eastern Asia as well as other individual countries with legal, accessible pregnancy termination services have been excluded in calculating the number of women treated for complications and the treatment rate for all developing regions and subregions; given the state of pregnancy termination services in these countries, it is unlikely that they have significant numbers of TOP complications. (The determination of which countries to exclude was based on the Center for Reproductive Right's online World Abortion Laws Map, as well as consultation with experts knowledgeable in the field. In total, 21 countries with liberal laws and universal or near-universal access to safe abortion services were excluded in the calculation of treatment rates [see Table 4 ]. 54 ) Finally, given the absence of data from India on treatment for postabortion complications, we assign it the treatment rate for Bangladesh, a neighbouring country that also has a form of approved pregnancy termination (menstrual regulation) as well as large gaps in provision of safe services (menstrual regulation in Bangladesh and pregnancy termination in India). [55] [56] [57] Coverage of each region was calculated as the number of women aged 15-44 years in countries for which we have data divided by the number of women aged 15-44 in the region overall (excluding those countries that have legal and accessible TOP). Coverage was relatively high in Latin America and the Caribbean, at 87%, and moderate in Sub-Saharan Africa, at 50%. Because of lack of data for India, coverage of Asia (excluding eastern Asia) was relatively low, at 22% overall. We assess the impact of key assumptions on our estimates in the Limitations and sensitivity analysis section (below).
We present two estimates of the overall rate in the developing world: the annual number of women treated for complications from unsafe TOP per 1000 women aged 15-44 (a) excluding Eastern Asia; and (b) excluding Eastern Asia as well as countries with legal and accessible TOP services. To get a better sense of the range within regions, Table 3 presents countries' estimated treatment rates grouped into four categories (1-3, 4-6, 7-9 and 10+ per 1000 women aged 15-44 years). There is no clear pattern by region or sub-region. Every region, and many subregions, have countries in almost every category. In Sub-Saharan Africa, Ethiopia and Mauritius are in the lowest category, whereas Kenya, Uganda and Malawi are in the highest. Tanzania, Senegal, Rwanda, Nigeria and Burkina Faso have rates in the middle ranges of 4-6 and 7-9. In Asia, Pakistan is in the highest category (10+), followed by Bangladesh and Cambodia in the second highest (7) (8) (9) . Myanmar is the only country in the lowest category (1-3) in this region, whereas Sri Lanka and the Philippines have rates in the 4-6 range. In Latin America and the Caribbean, Costa Rica, Peru, Venezuela and Brazil are all in the lowest category, whereas the Dominican Republic is in the highest; Argentina, Chile, Guatemala, Mexico and Colombia all have rates in the middle groups.
Results
We estimate that in 2012 almost seven million women were treated for complications of unsafe TOP in the developing world (Table 4 ). This would be an annual rate of 6.9 per 1000 women in all developing countries, or 7.4 if we exclude countries in which TOP is legal and widely accessible (both estimates exclude Eastern Asia). The results indicate that the regional rate is likely to be highest in Asia at 8.2 per 1000 women (4.6 million women per year), driven largely by high rates in South-Central Asia. It is followed by Africa, with an average regional rate of 6.7 (around 1.6 million women per year), and Latin America and the Caribbean, with a regional rate of 5.3 (757 000 women per year).
Limitations and sensitivity analysis
The estimates we provide have several significant limitations. They are based on a small number of countries and their reliability therefore depends on the assumption that these countries can be used to represent the incidence of treatment for TOP-related complications, at the aggregate regional and subregional levels.
In addition, we have used two main sources of datapublished studies and health systems data. In all but a few countries for which we obtained health systems statistics, information on the coverage of these data was sparse or unavailable; if our adjustments for incomplete coverage are insufficient, treatment rates will be somewhat underestimated. In addition, some countries with legal, safe and accessible TOP services (such as the countries of central Asia) may nevertheless have small numbers of complications resulting from poor quality services; 4 our estimates omit these complications. Also, it is likely that a small proportion of women with first-trimester pregnancy losses do obtain care in a health facility. This would mean that the number treated in facilities for complications from a miscarriage would be slightly larger than estimated and the number treated for TOP-related complications would be somewhat overestimated. Treatment is defined as the provision of postabortion care (PAC) to treat complications that occur or develop due to use of unsafe methods of pregnancy termination. These include less severe complications such as an incomplete procedure or excessive hemorrhage, and/or more severe complications such as sepsis or uterine perforation. Finally, we have made several key assumptions regarding countries for which we lack data. The majority of these assumptions affect the final estimates only slightly; some however may have larger effects. For example, lacking recent data, Southern Africa was assigned the regional rate for Africa (6.7) because unsafe TOP in South Africa is prevalent despite a liberal law. We tested an alternative assumption-that safety had improved and the treatment rate for South Africa had declined to 5.0. Under this assumption, the rate for Africa would be 6.6 (instead of 6.7) and the rate for the developing world would be 6.8 (instead of 6.9). This is a very small impact. Northern Africa was also assigned the regional treatment rate for Africa; alternatively, we could have assumed that the estimated rate for Northern Africa remained unchanged from the previous 2005 estimates (which were based largely on older data for Egypt, from 1996). Under this assumption, the regional rate for Africa would be 7.8, and the rate for the developing world would be 7.1.
India was assigned the rate of Bangladesh in our analysis (8.7), given the two countries' similar mix of safe and unsafe TOP services. If we had instead assigned India the average rate for other countries in South-Central Asia, the estimate for this subregion would increase substantially (from 9.3 to 11.5); the rate for Asia as a whole would increase from 8.2 to 9.8, while the estimate for the developing world would increase from 6.9 to 7.8. Because of this, estimates for Asia, and South-Central Asia in particular, should be treated with caution, as new data from India may affect these estimates substantially.
Discussion
The incidence of treatment for complications from unsafe TOP continues to be high. An estimated 6.9 million women were treated for such complications in 2012, an annual treatment rate of 6.9 per 1000 women aged 15-44 years. These results indicate that unsafe TOP remains a significant source of morbidity for women in the developing world in 2012.
Treatment rates are a function of both the underlying levels of morbidity associated with unsafe TOP, and access to postabortion care at health facilities; low rates, for example, could therefore be a reflection of either low levels of morbidity, and/or low levels of access to care. The percentage of women delivering in health facilities (which we use as a proxy measure for access to care) ranges from 91% in Latin America and the Caribbean to 51% in Africa (Asia falls between these two regions, at 70%). 52 Although treatment rates for Latin America largely approximate true levels of underlying morbidity, those for Africa probably represent only a proportion of women with complications. Nevertheless, treatment rates are a useful measure of the load borne by health systems in the developing world from complications caused by unsafe TOP. Treatment is defined as the provision of postabortion care (PAC) to treat complications that occur or develop due to use of unsafe methods of pregnancy termination. These include less severe complications such as an incomplete procedure or excessive hemorrhage, and/or more severe complications such as sepsis or uterine perforation. *In addition, countries with legal and accessible pregnancy termination services are excluded from all regional totals; given the accessiblity of pregnancy termination services in these countries, it is unlikely that they have significant numbers of complications due to pregnancy termination. It is important to bear in mind, however, that the morbidity burden from unsafe TOP is much greater than indicated by the data on treatment alone. Based on estimates made by health professionals (averaged across several surveys conducted between 2000 and 2008), about 60% of women with TOP complications were expected to obtain care in health facilities and 40% would not get such care. 58 Assuming that the situation in 2012 was similar, the overall magnitude of complications resulting from unsafe TOP would be substantially higher (1.67 times the estimates presented here for 2012). Even if improvements in access to health care in the past decade have increased the proportion obtaining needed postabortion care, total morbidity from unsafe TOP would be substantially greater than the number treated for these complications.
The 2012 estimated rate for the developing world represents around a 20% increase from the rate estimated in 2005. This is largely accounted for, however, by increases in the regional rate in South-Central Asia, which more than doubled from 4.0 in 2005 to 9.3 in 2012. It is likely that some of this increase is due to the broad worldwide trend towards better access to health services; 52 but in addition, specific to this subregion, better data coverage in recent studies also accounts for some of the increase in the treatment rate as the previous estimate for this subregion was based on studies that covered only the public sector. Even though the private sector has grown over the past decade, and now has a larger role in healthcare provision than before in this subregion, the omission of this sector in the 2005 estimate makes it difficult to definitively conclude whether the incidence of treatment for complications from unsafe TOP has increased, and if so by how much. The estimated regional rate for Sub-Saharan Africa dropped slightly, from 7.4 in 2005 to 6.7 in 2012. However, in 2012 a larger number (ten) and a more heterogeneous mix of countries are included compared with 2005 (three countries, two in common with 2012) (see Table S1 ). As a result, comparison of the 2005 and 2012 treatment rates probably does not provide a reliable estimate of trends for this region. The estimated regional rate for Latin America dropped substantially, from 7.7 in 2005 to 5.3 in 2012. Although we are limited in our capacity to formally assess trends (in part due to the lack of reliable confidence intervals around the regional estimates for both years), we hypothesize that there has been a real decrease in morbidity, as access to postabortion care in this region is unlikely to have changed drastically over the time period measured, and in many countries, may have improved. (The proportion of women delivering in health facilities in Latin America and the Caribbean increased from 87% in 2008 to 91% in 2012. 52 ) Unlike in Sub-Saharan Africa, the mix of countries used to estimate this rate is largely unchanged from 2005; in particular, data were available at both points in time for the countries with the largest populations in the region (Brazil, Mexico and Colombia).
The data presented here do not measure the severity of complications. Even though the number of women treated remains large, the proportion with severe complications may have declined. The decline in the case fatality rate due to unsafe TOP is one piece of evidence that supports the conclusion that the severity of TOP-related complications has declined. 4 Factors that might contribute to this trend include increased use of medication for pregnancy termination, substituting for use of more invasive and dangerous methods, and a shift in reliance on dilatation and curettage to manual vacuum aspiration. However the evidence on trends in severity of TOP-related morbidity is very limited, lacking comparable population-based studies over time needed to measure this trend.
In addition to the morbidity burden for women, treatment of complications from unsafe TOP also results in substantial costs to health systems and to women and their families. In the developing world as a whole, an estimated US $232 million dollars are spent by health systems each year on postabortion care. 52 This estimated cost does not include quality care for the women treated in facilities and it also excludes the 40% of women who need facility-based postabortion care and are not receiving it. If all women needing postabortion care obtained WHO-recommended levels of care, the cost would be an estimated $562 million. Complications from unsafe TOP can also represent a substantial burden to households; a recent study in Uganda found that complications from unsafe TOP often led to substantial losses in productivity, negative consequences for children, and subsequent deterioration in women's economic circumstances. 59 
Conclusions
The large number of women treated for complications of unsafe TOP each year in the developing world-estimated at seven million in 2012-need quality care. At a minimum, this includes appropriate medical procedures on an emergency basis, as well as contraceptive counselling and services, as a required component of postabortion care, to prevent future unintended pregnancies. Broader access to safe TOP services is an additional effective preventive measure. Reducing unsafe TOP would benefit women's health and the wellbeing of their families. It would also yield net economic gains by improving women's productivity and by reducing the costs of postabortion care.
